Objective: To determine whether a short course of prednisolone is superior to placebo for improving pain, function, and range of motion in adhesive capsulitis. Design: Double blind, randomised, placebo controlled trial. Setting: Community based rheumatology practice in Australia. Participants 50 participants (24 active, 26 placebo); 46 completed the 12 week protocol. Entry criteria were age >18 years, pain and stiffness in predominantly one shoulder for >3 weeks, and restriction of passive motion by .30˚in two or more planes. Interventions: 30 mg oral prednisolone/day for three weeks or placebo. Main outcome measures: Overall, night, and activity related pain, SPADI, Croft shoulder disability questionnaire, DASH, HAQ, SF-36, participant rated improvement, and range of active motion measured at baseline and at 3, 6, and 12 weeks.
A dhesive capsulitis (also termed frozen shoulder, stiff painful shoulder, or periarthritis) is a common cause of shoulder pain estimated to affect 2-5% of the general population. 1 2 The cumulative incidence of presentations to general practice from a Dutch study of shoulder complaints has been estimated to be 2.4/1000/year (95% confidence interval (CI), 1.9 to 2.9). 3 Duplay first described a condition of painful stiffening of the shoulder in 1872. 4 Since then other terms have been used to label this condition, including ''frozen shoulder'' coined by Codman (to describe painful restriction of range of motion of the shoulder with normal plain x rays), 5 and ''adhesive capsulitis'' coined by Neviaser (based upon shoulder joint arthrographic findings). 6 The disorder is characterised by spontaneous onset of shoulder pain and progressive global stiffness of the glenohumeral joint accompanied by significant disability. 7 8 Most studies have suggested a self limiting condition lasting an average of two to three years, although significant numbers of people have residual clinically detectable restriction of movement beyond three years, and smaller numbers have residual disability. 7 9-14 Many interventions have been advocated for the treatment of adhesive capsulitis, although only limited data from randomised controlled trials are available. 15 After systematically reviewing the evidence, we previously concluded that there were not enough data to either support or refute the efficacy of any of the commonly used interventions for this condition, including non-steroidal anti-inflammatory drugs, corticosteroid injections, and physiotherapy, and further well designed clinical trials were needed. 15 Oral steroids were first advocated in the 1950s, with claims that they expedited recovery and reduced the need for manipulation under anaesthesia. [16] [17] [18] Since then there have been three published randomised trials of oral steroids for adhesive capsulitis. [19] [20] [21] These are described in table 1.
Based upon the results of these three trials, it is not possible to draw firm conclusions about the efficacy of oral steroids in adhesive capsulitis, although two studies have suggested a more rapid improvement in pain. 19 21 Possible reasons for the failure to show a substantial beneficial effect of oral steroids in previous studies may be the small sample sizes (and hence no consideration of type II error), the relatively low doses of prednisolone used, and administration too late in the course of the disease. In addition, participants were not blinded in one trial 21 and participants who were not improving received manipulation under anaesthesia in another trial. 19 Oral prednisolone dramatically ameliorates the symptoms of inflammatory joint diseases such as rheumatoid arthritis. 22 It is therefore reasonable to suppose that oral prednisolone may be effective in adhesive capsulitis, particularly early in the course of the disease.
The aims of our study were first, to determine whether a three week course of oral prednisolone, 30 mg daily, in patients with adhesive capsulitis of at least three weeks' duration is superior to placebo for improving pain, function, and range of motion at three weeks; and second, to determine whether benefit is maintained at six and 12 weeks.
METHODS

Study design and treatment assignment
We carried out a randomised, placebo controlled trial between 1996 and 2000. Consenting participants were randomised by computer generated permuted block randomisation of 8 to receive either 30 mg oral prednisolone or placebo daily for three weeks. 23 Allocation concealment was ensured and the study biostatistician kept the assignment scheme. Participants and treating physicians were blinded to treatment allocation. An independent trained outcome assessor, also blinded to treatment allocation, evaluated the participants at baseline and at three, six, and 12 weeks. The Cabrini Hospital ethics committee granted ethical approval.
Study participants
We recruited study participants from the general practice referral base of the community based rheumatology practices of three of the investigators (RB, SH, PN). Inclusion criteria were:
N pain and stiffness in one shoulder predominantly for three weeks or more; N restriction of passive motion by more than 30˚in two or more planes of movement, measured to the onset of pain with a gravity inclinometer; N age over 18 years. Exclusion criteria were: systemic inflammatory joint disease (including rheumatoid arthritis and polymyalgia rheumatica); oral steroids in the previous three months; diabetes mellitus (because of the potential for unblinding); pregnancy; contraindications to oral steroids including peptic ulceration, serious infection, or uncontrolled hypertension; radiological evidence of osteoarthritis of the shoulder or fracture; calcification about the shoulder joint; reason to suspect a complete rotator cuff tear (weakness of arm elevation, a positive ''drop arm sign'', a high riding humerus visible on x ray of the shoulder or demonstration of a complete rotator cuff tear on ultrasound); and likely not to comply with follow up (for example, living too far away to attend for follow up assessment, or indicating they would be unable or unwilling to attend for outcome assessment) or lack of written informed consent.
Interventions
The active group received 30 mg of oral prednisolone (six 5 mg tablets) daily for three weeks, as a single morning dose. The placebo group received placebo tablets (six tablets, identical in appearance and taste to the prednisolone tablets) daily for three weeks, also as a single morning dose.
Participants in both groups received a simple exercise programme comprising pendular exercises and scapular setting (isometric scapular retraction). Participants were asked to cease non-steroidal anti-inflammatory drugs but were allowed paracetamol and codeine preparations. No other interventions-including intra-articular steroid injections, arthrographic joint distension, physiotherapy, massage, chiropractice, or manipulation under anaesthesia-were allowed for the duration of the trial. However, for ethical reasons, if the participant had not improved after six weeks, the treating physician could request unblinding of treatment allocation and further management of the condition at their discretion. This was considered a protocol violation but the participant continued to be followed up and the outcome assessor remained blinded. Although these participants received additional treatment because of the inefficacy of the study preparation, they were analysed according to their allocated treatment group.
Outcome assessment A blinded outcome assessor evaluated all participants at baseline and at three, six, and 12 weeks. Data collected at baseline involved personal details and clinical characteristics including duration of symptoms, severity of the condition, and previous treatment. If not already available, an x ray of the shoulder was obtained to ensure the participant met the selection criteria.
Pain perception
Participants' overall assessment of pain, night pain, and activity related pain were each measured using a vertical Likert scale labelled ''no pain'' ( = 0) at the bottom and ''maximum imaginable pain'' ( = 10) at the top.
Disability assessment
The shoulder pain and disability index (SPADI) is a self administered, shoulder specific, fixed item index consisting No treatment The pattern of improvement in pain at night over 8 weeks showed a significant difference in favour of oral prednisolone with a more rapid initial recovery, although by 5 months the difference between the groups was negligible. Improvement in pain at rest and with movement, range of motion, and a cumulative recovery curve were not significantly different between groups over 8 months.
of 13 items divided into two subscales: pain (five items) and disability (eight items). 24 Responses to each item were recorded on a 10 point Likert scale, where 0 = ''no pain'' or ''no difficulty'' and 9 = ''worst imaginable pain'' or ''so difficult it required help'' for the pain and disability items, respectively. The SPADI score is calculated by summing and then averaging the items of the two subscales to give a score out of 100 (higher scores reflects more pain/disability). The SPADI has acceptable test-retest reliability (intraclass correlation coefficients of 0.91 and 0.65 (95% CI, 0.42 to 0.8) in surgical and primary care populations respectively 25 ) and acceptable responsiveness. 26 The Croft is a 22 item self administered shoulder disability questionnaire developed from the Functional Limitations Profile with input from patients with shoulder pain, physiotherapists, and occupational therapists. 27 Responses to each item are recorded as a yes or a no, and the number of positive responses is summated to give a score out of 22 (a higher score reflects more disability).
The ''disabilities arm shoulder and hand'' (DASH) questionnaire was developed to evaluate disability and symptoms in single or multiple disorders of the upper limb at one or more points in time. 28 Using a self report system, patients attribute scores to 30 items relating to functional activities and symptoms. The score is expressed as a percentage score (0-100). The health assessment questionnaire (HAQ) is a well validated, 19 item, arthritis specific functional assessment measure and asks about two or three fixed items in eight areas of daily life. 29 30 The disability score is between 0 (no disability) and 3 (highest disability).
The short form 36 item health survey (SF-36) is a widely used, self administered, 36 item generic indicator of health status which consists of eight subscales representing eight dimensions of quality of life: physical function, role limitations because of physical health problems, bodily pain, general health perceptions, vitality, social functioning, role limitations because of emotional problems, and general mental health. 31 Each of the eight subscales is rescaled from 0-100; higher scores represent better health.
Improvement
Participant-rated improvement compared with baseline was measured at three, six, and 12 weeks using a five point categorical scale (marked improvement, moderate improvement, the same, moderate worsening, marked worsening). A priori, ''success'' was defined as marked or moderate improvement.
Range of active motion
A standardised protocol was used to measure active total shoulder flexion and abduction (that is, scapular and glenohumeral movement combined) and external glenonohumeral rotation in neutral abduction, using an inclinometer; hand behind back was measured by assessment of the anatomical landmark reached by the extended thumb. 32 This method has been shown to have high intrarater reliability (intraclass correlation coefficients of 0.75 to 0.93). 32 
Adverse effects
Adverse effects of the intervention were elicited by the use of open ended questions.
Sample size and power
The primary outcome measure, determined before the start of the trial, was overall pain perception at three weeks. Based upon a previous study which used rest pain as an outcome and displayed box plots of the differences between the active and placebo group, we estimated that participants randomised to receive placebo treatment would have a mean pain score of 8 (on a scale 0 to 10) after three weeks of treatment. 21 Assuming that the standard deviation is 2, we determined that a sample size of 21 participants per group would have 90% power at a significance level of 0.05 to detect a clinically important difference in pain perception of 2. Sample size was increased to 25 per group to allow for dropouts.
Data analysis
All analyses were done with SPSS for Windows, version 11.5 (SPSS, Chicago, Illinois, USA). All analyses were planned on an intention to treat principle using all randomised patients who provided any post-baseline data. Demographic characteristics of the active and placebo groups were summarised by descriptive statistics. Analysis of covariance (ANCOVA) was undertaken using the follow up data at three, six, and 12 weeks for each of the patient rated outcomes, with adjustment for the baseline values of the outcome of interest. 33 An overall repeated measures analysis of covariance adjusting for baseline values was also used to assess whether the difference between treatment groups was constant over time. If no evidence of differences in treatment effect across time was found at the 5% significance level, a pooled difference between groups across all time points was calculated. Relative risks and risk differences were calculated as ratios of success rates and differences in success rates for perceived recovery, respectively.
RESULTS
Eighty potential participants were screened and 50 recruited. Participants moved through the trial as outlined in fig 1. Data were available for intention to treat analysis on all 24 participants in the active group for all time points, and for 25, 24, and 22 participants in the placebo group at three, six, and 12 weeks, respectively.
There were eight known protocol violations resulting from the provision of additional treatment (three participants in the active group and five in the placebo group (fig 1) ). One participant in the placebo group discontinued study medication before the end of the three week course of treatment and was given prednisolone and subsequently an arthrographic joint distension with saline and steroid. Three participants in the placebo group received additional treatment before the six week assessment: two received prednisolone and one was treated with a corticosteroid injection and subsequently an arthrographic joint distension with saline and steroid. Four participants (three in the active group and one in the placebo group) received additional treatment before the 12 week assessment: one placebo treated participant received prednisolone and one participant in the active group received a further course of prednisolone; two participants in the active group had an arthrographic joint distension with saline and steroid. One participant in the placebo group who received prednisolone after the six week assessment did not return for the 12 week assessment. Table 2 shows the demographic and outcome variables of the active and placebo groups at baseline. Apart from sex, there were no baseline differences of clinical importance between the two groups for any of the demographic or clinical characteristics examined. The placebo group had more women (83%) than the active group (57%) but analyses adjusted for sex showed similar results, so only results adjusted for the baseline values of the outcome measure of interest are presented.
Mean changes from baseline for pain, disability, and range of motion measures for both groups for all time points, and with the baseline-adjusted between-group differences of that change, are presented in table 3. At three weeks, there was a significantly greater improvement in overall pain in the prednisolone group than in the placebo group (mean (SD) change from baseline = 4.1 (2.3) and 1.4 (2.3) in the active and placebo groups, respectively; adjusted difference in mean change between the two groups = 2.4 (95% CI, 1.1 to 3.8)). This difference was considered clinically important according to our predefined criteria (2 points on a 0-10 point scale). There was also a significantly greater improvement in night and movement pain, disability (as measured by SPADI, Croft, Values are mean (SD), n, or n (%). SPADI, shoulder pain and disability index.
Table 3
Improvement in outcomes at three weeks, six weeks, and 12 weeks compared with baseline: intention to treat analysis group.bmj.com on October 14, 2017 -Published by http://ard.bmj.com/ Downloaded from DASH, HAQ, and the bodily pain subscale of SF-36), active total shoulder abduction and flexion, and hand behind back in participants in the prednisolone group compared with the placebo group. The proportion of participants who reported marked or moderate overall improvement also favoured the steroid group (22/23 v 11/23 in the placebo group, relative risk (RR) = 2 (95% CI, 1.3 to 3.1), p = 0.001; risk difference = 48% (26% to 70%), p,0.001).
At six weeks, the intention to treat analysis still favoured the prednisolone group for most outcomes measured (except total active shoulder flexion and external rotation in neutral) but none of the differences reached statistical significance. An alternative analysis omitting the four participants who received additional treatment before the six week assessment accentuated the trend favouring the prednisolone group but again none of the differences reached statistical significance (data not shown).
At 12 weeks, the intention to treat analysis favoured the placebo group, but compared with the three week differences between groups the differences between groups were more modest and only achieved borderline statistical significance for movement pain, Croft index, HAQ disability, and active total shoulder flexion and abduction. An alternative analysis omitting the eight participants who received additional treatment before the 12 week assessment (five in the placebo group and three in the active group) did not appreciably alter the results (data not shown). Table 4 presents the raw data at each time point for overall pain and SPADI for the eight participants who received additional treatment during the course of the trial. All eight participants improved substantially according to all assessed measures following provision of additional treatment.
For none of the outcomes except external rotation in neutral was the difference between treatment groups constant over time, as indicated by significant p values for interaction (time6treatment) (table 3). This can be appreciated by inspection of the data displayed graphically (fig 2) . While both groups improved during the course of the trial, the benefit in the prednisolone group was maximal at three weeks, after which the participants either remained stable or deteriorated somewhat. In contrast, there was a small improvement in the placebo group at three weeks, after which the participants continued to improve at each follow up, with maximum improvement at 12 weeks. More participants in the active group than in the placebo group reported adverse effects, both during treatment (14 (58.3%) v 8 (32.0%)) and in the period following cessation of treatment (5 (20.8%) v 1 (4.2%)) (table 5). There were no serious adverse effects in either group although one participant in the placebo group developed a stress fracture in the foot.
DISCUSSION
We have shown that a three week course of prednisolone 30 mg daily in patients with adhesive capsulitis is superior to placebo in improving pain, function, and range of movement at three weeks. This confirms the finding of an early benefit of oral steroids in previous trials. 19 21 However, while there was still a trend for this benefit to be maintained at six weeks, once the prednisolone was discontinued there appeared to be diminution of benefit with respect to pain and range of movement, while functional gains were maintained at six and 12 weeks. By contrast, improvement in the placebo group increased over time, such that by 12 weeks the analysis tended to favour the placebo group.
The 12 week comparison between groups should be interpreted cautiously. While the natural history of painful stiff shoulder is for resolution of symptoms over time, the striking degree of improvement in the placebo group over 12 weeks, even when the participants with known co-interventions were excluded, was unexpected. For example, in another randomised trial in a similar, albeit slightly less severe, study population in our setting (mean severity 6.5 (SD 2.4) and 7.0 (2.0), and mean overall pain 6.04 (2.01) and 5.71 (2.08) in the active and placebo groups, respectively), comparing joint distension with saline and corticosteroid with placebo, the mean change in overall pain in the placebo group from baseline was 0.19 (1.7), 1.0 (2.4), and 2.4 (2.8) at three, six, and 12 weeks, respectively. 34 In comparison, the mean change in overall pain in the placebo group from baseline in the current trial was 1.4 (2.4), 2.5 (2.7), and 4.2 (2.7) at three, six, and 12 weeks. Another recent trial which compared intra-articular corticosteroids, supervised physiotherapy, a combination of the two, or placebo included participants with a similar duration of symptoms (mean 20.3 to 22.1 weeks in the four treatment groups) and baseline SPADI scores (mean 61.5 to 67.3 in the four groups) to those of the current trial. 35 The mean (SD) improvement in SPADI at six and 12 weeks in the placebo arm was 18.9 (5.1) and 29.4 (5.1) in comparison with 24.6 (20.5) and 38.9 (21.2) in our trial at the same time points. Possible explanations for the greater than expected improvement in the placebo group in the current trial include unidentified confounders and undisclosed receipt of co-interventions.
While prednisolone was very effective in the short term, there appeared to be a rebound effect after cessation of treatment, particularly for the measures of pain. This so called rebound effect or flare up of symptoms as a result of the sudden withdrawal of oral steroids has been described in a previous trial: Binder et al noted a recurrence of severe pain in two of seven patients and mild pain in four patients when the prednisolone was reduced but these symptoms settled spontaneously. 21 It is also a well described phenomenon when treating other disorders, such as rheumatoid arthritis. 36 Our data also suggest that three weeks might not have been an adequate course of steroid treatment. Significant improvement may have continued and increased with further active therapy or more gradual withdrawal of treatment. 
Short course prednisolone for adhesive capsulitis
Another strategy to diminish the rebound effect of steroid withdrawal or maintain the short term gains is combination or sequential therapy. For example, while Carette et al have recently reported that a single intra-articular injection of corticosteroid with a simple home exercise programme is effective in improving shoulder pain and disability in adhesive capsulitis, supervised physiotherapy provided additional benefit. 35 Further trials are needed to determine whether the rebound effect can be circumvented and whether oral corticosteroids in combination with other effective treatments provide additional and more sustained benefit.
It is important to weigh up the potential benefits and risks of the use of steroid treatment, especially in self limited disorders such as adhesive capsulitis. The adverse effects of the short course of prednisolone used in this study were minor and short lived and no serious adverse effects of oral steroids were reported in the three previous trials for painful stiff shoulder. [19] [20] [21] Mild indigestion in two participants that resolved after the dosage was reduced was reported by one trial. 21 However, the total sample size of these four trials was relatively small (153 participants) and a true estimate of clinically significant uncommon or rare adverse effects cannot be made from these studies. While the long term risks of oral steroids are well described and are known to be dose related, 37 38 osteonecrosis has been described in patients who have only received a brief course of low dose corticosteroid therapy. 39 For example, McKee et al described 15 cases of osteonecrosis of the femoral head presenting to their tertiary care university affiliated orthopaedic unit specialising in the treatment of osteonecrosis of the femoral head. These cases had all received a single short course of corticosteroids within the three years before presentation. The mean steroid dose in equivalent milligrams of prednisone was 850 mg (range 290 to 3300), and the mean duration of drug treatment was 20.5 days (range 7 to 39).
Potential criticisms of our study include a relatively small sample size, although we determined a priori that we would have adequate power to determine a clinically important difference in primary outcome with 21 participants per group, if one was present. The robustness of our findings is supported by the fact that five participants assigned to the placebo group received additional treatment (including three who received prednisolone) but were included in the analysis according to their assigned treatment group.
We encountered difficulties with slow patient recruitment. We and others have previously reported difficulties in recruiting patients with adhesive capsulitis, resulting in early trial termination. 34 35 We recruited patients from the general practice referral base of the community based rheumatology practices of three investigators and we believe that our sample is representative of those patients encountered in community care. Further, the baseline demographic and clinical characteristics outlined in table 2 are similar to previous studies. 34 35 In order to enhance recruitment we offered to see patients within one week of referral and we sent out frequent reminders of our study. Twenty five of 80 patients (31.3%) assessed for eligibility had shoulder pain attributable to causes other than adhesive capsulitis, suggesting that general practitioners are poor at recognising this clinical entity or they were taking advantage of the short waiting time for their patients to be seen. We believe that other methods to enhance recruitment, such as advertising for volunteers, would have increased the proportion of ineligible patients screened.
Conclusions
We have demonstrated that a short course of prednisolone for adhesive capsulitis is highly effective in the short term.
Further research should be directed towards determining ways of prolonging its effect by either lengthening the duration of treatment or tapering the dose (without concomitantly increasing the risk of toxicity), or considering treatment combinations or sequential treatments. 
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